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NAGT Crustal Evolution Education Project

Welcume 1o the exciting world of current research
INto the composition history and processes of the
earth s crust and the application of this knowledge
to mans activities The earth sciences are
currently experiencing a dramatic revolution 1n
sur wnderstanding of the way in which the earth
~ > CEEP modules are designed to bring into
‘ v ~'assroom the memods and results of these
¢ omtang nvestigations The Crustal Evolution
E1. auon Project began work 1n 1974 under
tr— 1gspices of the Nationai Association of
Ge')'f}gy Tzachers CEEP materials have been
e.eloped oy teams of science educators,
assroom {eachars and scientists Prior to
Duol cation the matznals were field tested by
. T ofe than 200 teachers.anc over 12 000 Students
C e ‘Lr' crustal evolution research s a breaking
" swyry trat studsnts are iving through today
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A out CEEP Mc;dules...

Jost CEEP modules consist of *wo nooklets a

Teacrers Guide and a Student Investigation The
+ Teachers Guioge contains alt the information

and dlustrations ir the Student Investigation,

plussections printedifni color intended only for the

teacnes as ~ell as answers to the guestions that

arz irciuded in the Student Investigation

)

some modules tnere are illustraticns that
appeanoniy 0 the Teacner s Guide and these are
. designateqd by figure letters instead of the number
sequence used :n the Student Investigation
For some modules mans rulers and other
common cl lassroom materials are neﬁded and in

ja¥)
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support of Nationai Science Foundation Ve
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Edward C. Stoever, Jr.,

Project Director

Teachers and students alike have a unique
opportunity through CEEP modules to share in the
unfolding of these educationally important and
exciting advances CEEP modules are designed
to provide students with appealing firsthand
investigative experiences with concepts which are
at or close to the frontiets of scientific inquiry into
plate tectonics Furthermore, the CEEP modules
are designed to be used by teachers with httle or
no previous background in the modern theories
of sea-floor spreading. continental drift and plate
tectonics

We know that you will enjoy using CEEP
modules 1n vour classroom Read on, and be
nrepared to experience a renewed enthusiasm for
teaching as you learn more about the illeg earth
in tnis and other CEEP moduies

varying quantities according to the method of
nresentation Read over the module before
scheduling its use in class and refer to the hst of
MATERIALS in the module

Each module is indivicual and self- contamed n
content put some are divided #nto two or more
parts for convenience The recommended length
of time for each module ts indicated Some mgd®les
require prerequisite knowledge of some aspects
of basic earth science this is noted in the
Teachers Guide )
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Deep Sea, Trenéhes And Radioactive Waste

~

.

INTRODUCTION - - - NN PO
‘ What would you do if you had to get rid of . : 1. Put,lt in rockets and shoot it into the sun.
» thousands of tons (1 metric ton = 1000 kg) of used 2. Drop it into the mud in the middie of ocean
nuclear fuel, called radioactive waste” Where . basins. - .
could you find a safe place to put it, a place 3. Store it in deep mines or caves
' o . .
where it could never hurt anyone . LT 4. Place cans of the material on Antarctica, and
This is not an easy question to answer Many let the atomic heat melt its way deep down
engineers and scientists all over the world hdve IRto the ice
been trying to find an answer for a{ong time 5. Dump it into deep oGean trenches. )

:  Listed are five of the best 1deas that

.5 scientists have come up with to get nd of Each of these ldeas has both good and bad points -

radioactive waste ' \ In this activity weffvgomg to.consider ‘
. dumping the radigactive-wgste into ocean trenches

y : . . to seef that would wark odat welj or not,

PREREQUISITE STUDENT BACKGROUND | - . e S e

This module presumes an acﬁuaintancg with the ’
physiography of the ocean basins (at least’

the continental margins and oceanic troughs)
and the basics of plate margins and motlons. It

would help, though It Is not necessary, if the / -
students had some knowledge of radloactive -
decay. . . E 4

N ' . ’

h OBJECTIVES .« ’ . . : ‘ g ‘ g

‘ After you have completed this activity; you should 3. Explain some of the effects that subductjng %
be apleto - . ’ » plates have on the edges of continents
1. Piot the movement of a descendmg ocean - 4. Teli the reasons why | dnspssmgnf fadioactive
floor plate onza.graph, and discuss that movement waste material 1s not an easy problem to solve
2. Explain why 1t would be good or bad to dump 1 o '
radioactive waste Inte ocean'trenches. .
MATER'ALS R ;rfrxf—f:;}:«;’%“ B :,.»'f; -- -, e, e e R
Pencils and_scrap paper—one for each student ! r - T,
Metric rulers—one for each group of students > .
BACKGROUND INFORMATION Tt T Ao T _—_ S
The questlon of proper disposal of nuclear waste - (asthenosphere) where It could harm no one.
Is a difficult one because an acceptable . " . Is it teasible, then, to dlspose of radloacllva wastes
method must be both Inexpensive and safe. Df the . In this way? .
flyelmethOds: r'r}en(l:)hned In :hls aclﬂvgy, ::‘00""9 . The answer depends on the relaﬂonsh!p between
m:‘c ear wasf et "“°| te “:u'} 3 3;’? :’t es Id'°m g the perlod of time the wastes stay dangerous
a human safety point-ol-view, bl It wou and the“rate at which they bécome burled. This _,
cost so much that the energy produced by the . R

exerclse shows that the rate of burlal by

-nuclear power plant would be prohlbmvely« subduction is v'ery’ slow. The depth In.méters .
expenslve Burylng dangerous wastes in oceanlc - reached, say in 10,000 years, can be calculated -,
trenches is superficlally “aftractive because: < “by the formula 100 V sin 82awhéte V Is the rate of

1) It would be relatively cheap, 2) Many trenches, subduction in cm/yr, 8 Is the angle of dIp Qf the

belng low areas on the.sea floor and often near plate being subducted, and 100 Is a factor to

continents, are sites of deposition of large . convert cm/yr Into meters per 10,000 years
(see Figure A).

amounts of sediment. Canlsters of fadioactive
waste would become burled more qulickly tfiere _
than elsewhere on the sea floor. 3) The subduction - . ' ) ”
process would act to remove the dangerous ‘ = ' ’

Qo =aterial by carrying it la§o the‘mantle ! L o . :
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Deep Sea, '_rrenehes And Radioactive Waste

INTRODUCTION - - ’ i .

What would you do If you had to get nd of .
thousands of tons (1 metric ton = 1000 kg) of used
nuclear fuel, called radioactive waste? Where
could you find a safe place to put it, a place  ~
where it could never hurt anyone?

This 1s not an easy question to answer Many
engineers and scientists all over the worid have
been trying to find an answer for a long time.
Listed are five of the best ideas that

scientists have come up with to get nid.of
radioactive waste. :

v : . .

PREREQUISITE STUDENT BACKGROUND

This module presumes an acﬁuaintance with the ’
physiography of the ocean basins (at least’

the continental margins and oceanic troughs)
and the basics of plate margins and motlons. It
would heip, though it is not necessary, If the
students had some knowledge of radioactlve
decay. )

OBJECTIVES .« : . .

After you have completed this activity; you should
be apleto -

1. Plot the movement of a descendmg ocean -
floor plate onza.graph, and discuss that movement

2 Explain why it would be good or bad to dump
raqaoactnve waste into ocean’ trenche§

MATERIALS * = -« woiomrasvzun o ool

Pencils and_scrap paper—one for each student !
Metric rulers—one for each group of students »

BACKGROUND INFORMATION . - ..+

The quesflon of proper disposal of. nuclear wag,te N
is a difficult one because an acceptable '
method must be both inexpensive and safe. b] the

five methods mentioned In this activity, shooting
nuclear waste into the sun is surely best from s
a human safety point-of-view, but it would

cost so much that the energy produced by. .
-nuciear power plant would be prohlbmvelg
expenslve Burying dangerous wastes in oceanic
trenches is superficlally “attractive because: < .
1) it would be relatlvely cheap, 2) Many trenches,
being low areas on the sea floor and often near
continents, are sites of deposltion of large * .
amounts of sediment. Canlsters of fadloactlve
waste would become burled more qulickly tfere
than elsewhere on the sea floor. 3) The subduction -
process would act to remove the dangerous

o materlal by carrying it Iafo the'mantle'

-

g
1. Put it in rockets and shoot it into the sun.

2. Drop 1t into the mud In the middle of ocean
basins ‘

3. Store it iIn deep mines or caves.

4. Piace cans of the material on Antarctica, and ,
let the atomic heat melt its way deep down

iIRto the ice

5. Dump it into deep ogean trenches. .

Each of these Ideas has both good and bad points -

In this activity weffe*gomg to.consider
dumping the radidactive wgste into ocean trenchies

.to seef that would wark oGt welj or not.

~
\

[
i

"3 Explain some of the effects that subducyyng  «

+ plates have on the edges of continents

4. Tell the reasons why dispesing of fadioactive
waste material is not an easy problem to solve

- T

.
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(asthenosphere) where it could harm no one.

. ls it feasible, then, to dlspose of radloactlva wastes

in this way? .

The answer depends on the relaﬂonshlp between

the period of time the wastes stay dangerous

and the'rate at which they bécome burled. This _ -
exercise shows that the rate of burial by o
subduction Is very slow. The depth in.méters ,

- reached, say In 10,000 years, can be calcuiated -,
* by the formula 100 V sin 82whére V is the rate of

subducflon In cm/yr, 8 I8 the angle of dip Qf the
plate belng subducted, and 100 is a factor to
convert cm/yr into meters per 10,000 years

(see Elgure A).




' 14 10,000 years subduction beneath Japan would
carry wastes to a depth of only about 565 m,
even though the Japanese trench Is sibductin

d relatively rapidly and at a fairly steep angle
- (45°). In an average lifetime, say 80 years, a. .
canister of nuclear wastes would travel downward

——

SUGGESTED APPROACH : o\ o -, .

Basi;:ally, this activity should be carried out by
the students as independent induiry. The
students can work through the vafious steps at

PROCEDURE ssems=
In this activity the students plot the position and
rate of movement of a subducting oceanic plate.

Key words: ocean trench, radioactive waste,
subduction, decay :

Time required: one 45-minute period
Materials pencil, scrap paper, metric ruler

SRR e T AT R e o T

An ocean trench I1s a long, narrow depression with
steep sides! located on the deep-sea floor

Ocean trenches are located where the edge of an
ocean platé is going down unde? a continent

The scientists who suggest that radioactive waste
be dumped into ocean trenches say that it will’
sink into the deep bottom of the trench and

will be carned down and away forever

Let's see what would happen if this plan were
carried out In the Japan Trench The descending
otean floor plate in the Japan Trench is
subducting, or moving down, at a rate of 8 cm/yr
This rate s faster than most plates are moving

It doesn't actually move straight down, but

the edge of the Eurasian continental plate,
and the descending ocean floor plate slopes
underneath this continental plate

™~

The Worksheet 1s a cross-gection of Japan and
“the Japan Trench The Padific Ocean is to

the nght and Asia to the left Therefore, if

rgdioactive waste material were dropped in the

bottom of the trench at the place marked, X, it
\_should move down to the left with the degt’endmg

plate,

v

1

X —— V.cmiyr

.
Lithrsphere

e - 4
e .
p / rAgnate
Asinengsphare

_Flgure A. Schematic cross-section of a subduction
! zone, showing quantities used for calculating
dn'es of burlal by subduction.

IToxt Provided by ERI

MR PR N R

at more of a slant or slope” Japan is |ocated along

)

only about 4.5 m. Rates of burial by addition

of sediment to the trench are of comparable
slowness. The radioactlve’ waste wlll decay to a
relatively safe level in 1 million years, and be
practically harmless in 10 million years.

el

E c o - - ~ = -~

their.own pace. At the end of the activity a class
discussion of their conclusions should be
encouraeed, and.you may wish to contribute some
additional infgrmation to the subject.

I = - &

= - -

At has been figured out that in 3 million years

the part of the ocean floor plate now under the
trench would move to a position 200 km to

the west and 200 km down. Put an X on your graph
to show where the radioactive waste would be -
then In-the next 3 million years, it would

move 200 km more westward and 200 km more g

downward Put an X at that'spot Put an X on yo
graph t6 show where the waste would be in

9 million years and in 12 million years if it kept
moving at the same rate of 8 cm/yr Draw a line
through these spots, connecting them all together

We are not too worried about what will happen to
the radioactive waste 12 million years from

now Most of the waste will have decayed before
then When an elemenf'decays, It loses some
energy and forms another stable element

This new element will be fairly harmless But what
about one-half million years from now? From
your graph, can you estimate where the radio-
active waste will be then?

See Answer Sheet. Even though one-half million
years seems far beyond our concern, the
government has decreed that one million years
is the'length of time that radioactive waste
disposal plan® must guarantee agalnst
contamination. e

1. a in one-haif mililon years, will the radioactive
material have moved away from or toward Japan?
From thelir graph plots, the students will see that
the subducting plate moves toward and under
Japan. "

. About how much lower than the bottom of
the trench will it be then? '
Since the line from the bottom of the trench to the
first position represents 3 million years, one-half
mililon years would be about one-sixth down
that line. From this the students can see_that at
such a time the radioactive waste wlll be
approximately 40 km below the trenqh-bouom,
level. ’
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é. Some of the ocean sediment on the subducting
plate may be scraped off and addéd to the
edge of the continent. What would this do to
the radioactive waste?

Not all of thé radloactlve waste would go down
with the subducting piate. Some would be

added to the edge of the continent.

3. The subducting plates are the cause of molten
rock that pours out of voicarioés on the land
behind the trenches. What would happen

to radioactive waste that was'in or

on those plates?

Some of the radioactive waste could come to the |
surface In the molten rock. However, It |s likely
that the waste would be dlluted in the process.

4. What do you thinK of the 1dea of getting nd

of radioactive material by dumPing it into oceanic
trenches?

From the answers to all four questions above, the
students should conclude that you do not

really get rid of radioactive waste by dumping

It into ocean trenches. It would be advantageous to -
get a class discussion golng on this point.

SUMMARY QUESTIONS ssmmmrmman ss s oo =

The first two questions are fairly easy adaptations

* from questions 3 and 4, above. The third
question, though, requires extrapolating to :
another place and, perhaps, different directlons.
1. What happens to the sediment that i1s on °
subductmg ocean floor plates”? oy “

Ocean sediment on subducting piates may\be
added to’the edge of the continents, which fnay.
make the continent wider. Some sediment .

may travel downward with the subducting plate.

EVALUATION S =i R e 3

In addition to written evaluations, you can observe
the students’ participation and performance as

a means of informal evaluation. Alternatively,

you may wish to ask the studenjs If It would’

TR L o s

B

EXTENSION

At the time this activity was belng wrlitten these ¥

flve methods of disposing of radioactlve waste

have been, or were stlll belng discussed. N
However, (and you can inform your class of this In
thelr discusslon) the idea df dumping the waste |
In ocean trenches was one of the first to be

REFERENCES =«

Frosch, R.A., 1977, Disposing of high-level
radioactive waste. Oceanus, v 20, p 4-17
Hollister, C.D , 1977, The seabed option. Oceanus,

v. 20, p 18—25}. -~ N

) Tren.ch
e
e d
) &
Flgure 1, Schem‘atuc'drawmg of a trench, formed
by4a subducting ocean plate
~ 1
{
- - 5

- A T
2. What do subducting ocean floor plates have
to do with voicenoes near the coast?

The molten rock coming out of volcanpes behind
trenches Is caused by subducting plates.

3. Imagine a city on a coast next'to an oceanic
trench. Describe how the descending ocean
plate is moving under the city. " .

This question requires that the studerits descrlbe
Itr a different context the plate motion that

they plotted on the graph., '
be a good idea 1o dispose of radloactive waste In
a mid-ocean ridge rlft valley, In a bore hol’e

.in the San. Andreas Fault, or in the middle of the.
Paclfic Ocean floor, and judge thelr responses °
in terms of their consideration of plate motions.,

5 . -
= -

- . . e eme o pene

discarded as a workable solution for t!he_very'
reasons your students discussed in answer to
question 4. They may now want to'find out for
themselves what method was fInally, adopted.
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hithosphere Oceanus, v. 17, p 14-19
Wylhe, P.J., 1976, The way the earth works.
New York, John Wiley & Sons, inc Y296 p
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‘NAGT Crustal Evolution -

Education Project Modules

CEEP Modules are listed here in alphabetical
order Each Module is designed for use In
the number of, class periods indicated For

‘suggested sequences of CEEP Modules to

cover specific topics and for correlation

of CEEP Modukas to standard earth science
textbooks, consult Ward's descriptive
literature on CEEP The Catalog Numbers
shown here refer to*the CLASS PACK

of each Moéule consisting of a Teachers
Guide and 30 copies of the Student

. 'nvestigation See Ward's descriptive

~f

Q

Iiterature for alternate order gquantities *
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Aruitoxt provided by Eic:

CEEP Module

Class CLASS PACK
“ Periods Catalog No.
[}

* A Sea-floor Mystery: Mapping
Polarity Reversals

* Continents And Ocean Basins.
Flbaters And Sinkers

* Crustal Movement: A Major Force
In Evolution

* Deep Sea Trenches And Radioactive
Waste

e Drifting Continents And Magnetic
Fields -

* Drifting Continents And Wandering
Poles v

¢ Earthquakes And Plate-
Boundaries

* Fossils As Clues To Ancient
Continents .

* Hot Spots In The Earth’s Crust

e How Do Continents Split Apart?

* How Do Scientists Decide Which Is
The Better Theory?

* How Does Heat Flow Vary In The
Ocean Floor?

* How Fast Is The Ocean Floor
Moving?

¢ [celand: The Case Of The Splitting
Personality .

¢ Imaginary Continents, A Geological
Puzzle

¢ Introduction To Lithospheric
Plate Boundaries

e Lithospheric Plates And Ocean
Basin Topography

* Locating Active Plate Boundaries
By Earthquake Data

¢ Measuring Continental Drift: The
Laser Ranging Experiment

* Microfos¥s, Sediments And
Sea-fioor Spreading

* Movement Of The Pacific Ocean
Floor

* Plate Boundaries And Earthquake
Predictions

¢ Plotting The Shape Of Th%cean
Floor

* Quake Estate (board game)

« Spreading Sea Floors And Fractured
Ridges

* The Rise And Fall Ot The Bering
Land Bridge

« Tropics In Antarctica?’

* Voicanoes: Where And Why?

* What Happens When Continents
Collide?

* When A Piece Ot A Continent

{Breaks Off
* Which Way Is North?
* Why Does Sea Level Change?

.

.

3 34
3-5 34
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1 . 34

3 3
4 34

2 34
2-3 33

3 34

2 34

2 34

2 34
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2 34
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' 7 g . NAME . ' DATE
ggﬁ)@%ﬂg“ﬁ Student Investigation . p
« PROJECT Ca:ato|g No 34w1104 -
. Deep Sea Trenches
J And Radioactive Waste
\ \ .
\ »
' : : >
N ¢ . ’2 ) '
’ INTRODUCTION i

What would you do if you had to get n¢ of
thousands of tons (1 metric ton = 1000 kg) of used
nuclear fuel called radioactive waste? Where
could you finda safe place to put it a place
where it couid never hurt anyone?

- This 1s not an easy question to answer Many
engineers and scientists ali over the world have
been trying to find an answer for a long time ‘
Listed are five of the best 1deas that
scientists have come up with to get nd of .
radioactive waste

OBJECTIVES

fter you have completed this activity you shouid
be able to .
1. Plot the movement of a descending ocean -
floor plate on a graph. and discuss that movement
2. Explain why 1t wouid be good or badsto dump
radioactive waste into ocean trenghes
3. Exélam some of the effects that subducting ¢
plates have on the edges of continents
4. Tell the reasons why disposing of radioactive
waste material 1s not an easy problem to solve

o

~
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1. Put it in rockets and shoot 1t into the sun

2. Drop 1t into the mud in the middle of ocean :
basins :

3. Store it in deep mines or caves

4. Ptace cans of the material on Antarctica and
let the atomic heat melt its way deep down
into the ice

.5. Dump it into deep ocean trenches

Each of these 1deas has both good and bad points

" In this activity we are going to consider

dumping the radioactive waste into ocean trenches
to see tf that would work out well or not

A d
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PROCEDURE

v

*Matenials pencil, scrap paper. metric ruler

An ocean trench is a long, narrow depression with
steep sides, located on the deep-sea floor

Ocean trenches are located where the edge of an
ocean plate 1s going down under a continent

The scientists who suggest that radioactive waste
be dumped into ocean trenches say that it will
stnk into the deep bottom of the trench and.

will be’carried down and away forever :

Let’s see what would happen if this plan were
carried out in the Japan Trench The descending
ocean floor plate in the Japan Trench 1s
subducting, or moving down, at a rate of 8 cmv/yr
Thig rate i1s faster than most plates are moving

It doesn't actually move\stra|ght down, but

at more of a slant or slope Jgpan is located along
the edge of the Eurasian continental plate,

and the Xescending ocean fioor plate slopes
underneath this continental plate \

The Worksheet is a cross‘-sechon of Japan and
the Japan Trench The Pacific Ocean is to

the right and Asiato the left Therefore, if
radioactive waste materidl were droppedq in the
“bottom of the trench at the place marked X, it
should move down to the left with the descending
plate

It has been figured out that in 3 mijion years

the part of the ocean floor plate ndw under the
trench yould move to a position/200 km to

the west and 200 km down Put &4n X on your graph
to show where the radioactive waste would be
then In the next 3 million years, 1t would

move 200 km more westward and 200 km more
_downward Put an X at that spot Putan X on your
graph to show where the waste would be in

9 milhion years and in 12 million years if it kept
ntoving at the same rate of 8 cm/yr Draw a line
throughthese spots, connecting them all together

Fugure 1 Schematic drawing of a trench, formed

"a subducting ocean plate
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~active waste will be then?

[ " . ‘,f
We are not too worried about what will happen to
the radioactive waste 12 million years from

.now Most of the waste will have decayed before
~then When an element decays. It loses'some

energy and forms another sfable element

"This new. element will be fairly harmless But what

about one-half mulhon years from now? From
your graph, can you estimate where the radio-

\
1. a In one-half million years, will thé radioactive

&

-

(W4

* b About how much lower than the bottom,of
the'trench will 1t be then7

¢

o

s

2. Some of the ocean sediment on-the subdtcting
plate may be scraped off and added to the

edge of thé contingnt What would this do to

the radioactive waste?

materwal have moved away.from or toward Japan? -
A

F A




3. The subducting plates are the cause of molten 4. What do you think of the,idea of getting nd

rock that pours out of volcanoes on the land __ of radioactive materal by dumping it into oceanlc
) behmd the trenches What would happen trenches? ]
: to radioactive waste that was in or ]

‘ on those plates? , : . , , . ' .
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. UMMARY QUEST!ONS - S : - : S
1. Whathappens fo the sedlmerﬂ that I1s on 3. Imagine a city on agg@ast next to an ggeanic
subducting ocean floor QIates” . B .trench Describe how-Mdescending ocean
. . X - - plate 1s moving under the.city. . gy D " v
- ’ ’ 4 ) - . . .
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RN , L . . - ’
B « ' & - ' )
P . " - . ‘ ’ ~
- PN . 7 - . / . )
¢ ’ N 1 L .
4 ‘ - - N N
v - N ’
" , . -« . : , ~ . ) N . ‘ -t i - M
' . . I . ) . : .
g 2. What do subducting ocean floor plates have o S
to do.with volcanoes near'‘the cobast? ' . : .
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